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1.0 SUMMARY 

This appendix presents the results of three nonlinear Monte Carlo dispersion 
analyses for the STS-1 Orbiter Descent Operational Flight Profile, Cycle 3 (ref. 
1). Fifty randomly selected simulations for the end-of-mission (EOM) descent, 
the abort-once-around (AOA) descent targeted to the steep target line (ref. 2), 
and the AOA descent targeted to the shallow target line (ref. 3) were analyzed. 
These analyses compare the flight environment with systems and operational con- 
straints on the flight environment and, in some cases, use simplified system 
models as an aid in assessing the Space Transportation System (STS-1) descent 
flight profile. In addition, descent flight envelopes are provided as a data 
base for use by system specialists to determine the flight readiness for STS-1 . 
The results of these dispersion analyses supersede the results of the dispersion 
analysis documented in reference 4. 

The three-degree-of-freedom (3-DOF) option and the six-degree-of-freedom (6-D0F) 
option of the LAND program were used to generate the 150 random trajectories 
that were analyzed. The 50 EOM simulations are initialized prior to deorbit, 
and the deorbit burn thrust termination has been modified to include the effects 
of thrust tail-off dispersions. The initial covariance matrix reflects naviga- 
tion errors in position and velocity. These errors are due to uncertainties in 
ground spaceflight tracking and data network (GSTDN) groundstation hardware and 
location coordinates, atmospheric drag and Earth gravity modeling, and vent and 

attitude control thrusting (ref. 5). No initial state dispersions were con- 
sidered. Thus, the actual position and velocity are always on the nominal 

orbit. Dispersions of the same magnitude as the navigation errors are not 

expected to significantly change these results. Deorbit maneuvers from orbits 
that are significantly dispersed from the nominal would affect the dispersions 
at entry interface (El). The AOA simulation are initialized 4 minutes prior to 
El, which is at 400 000 feet altitude. The initial covariance matrix (refs. 2 
and 3) is a 20 by 20 matrix and includes navigation errors and dispersions in po- 
sition and velocity, accelerometer bias, and inertial platform misalinements. 

The results of the approach and landing (A&L) analysis presented in this docu- 
ment were generated using the b-DOF Monte Carlo option in the LAND program, 
which was initialized at an altitude of 9950 feet. However, the data developed 
using tne 3-DOF simulation are accurate until pre flare conditions are reached 
during A&L. From preflare to landing, the rotational dynamics are not accu- 
rately simulated with the 3-DOF simulation. Results from only one of the two 
AOA cases are included in this document, since in both cases the A&L phase is 
the same. 

April atmospheres (ref. 6), which are the best atmospheres to use for a March 30 
launch, were used in this study. The baselined tactical air navigation (Tacan) 
selection logic, which selects 1 out of 10 Tacan stations (based on the best 
Tacan geometry), was also used. A raobil Tacan station was placed 15 miles from 
the runway and as close as possible to the nominal groundtrack. Data from the 
air data system (ADS) were used below an Earth-relative velocity of 2500 fps. 
Baro-altitude was not processed by the flight navigation system between 
velocities of 1600 fps and 900 fps. Runway redesignations or ground state 
vector updates were not included in this analysis. 
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For the EOM, the surface temperatures are acceptable. Structure temperatures 
are also acceptable because of preentry thermal conditioning. For the steep 
AOA, the surface temperatures are acceptable, but the structure temperatures are 
marginal since there is no preentry thermal conditioning. For the shallow AOA, 
the surface temperatures are high, and the structures temperatures are marginal. 
These results are based on the simplified TPS model (ref. 7) included in the sim- 
ulation. Detailed analysis of the envelope of flight conditions and control sur- 
face deflections should be made as a part of certifying the TPS for the first 
flight. Speedbrake, elevon, and body flap hinge moments are acceptable. Range 
dispersions at entry/TAEM interface are within the accuracy requirement of 5 
miles. All landing simulations make the transition to autoland before an alti- 
tude of 7000 feet, and there are no minimum entry points (MEP), S-turns, or 
tailscrapes. Navigation-derived dynamic pressure accuracies exceed the flight 
control system constraints between Mach 8 and Mach 2.5, and several cases 
violated the change of yawing moment coefficient due to beta (Cng) dynamic and 
lateral trim constraint line assuming equilibrium flight. In addition, normal 
load factor transients occur at microwave scanning beam landing system (MSBLS) 
acquisition and at terminal area energy management (TAEM) /autoland interface. 

The tire specification limit speed of 222 knots was exceeded in 5 out of 50 EOM 
landings and 5 out of 50 AOA landings using the autoland mode. The tire certifi- 
cation limit of 218 knots was exceeded five times at EAFB and seven times at 
Northrup. Crosswind magnitudes at landing were all less than 10 knots at 
Northrup, but in two cases (10 knots and 11 knots) at EAFB were greater than 
or equal to crosswind constraint of 10 knots. 

Navigation-derived dynamic pressure accuracies exceed the flight control system 
(FCS) constraints between Mach 8 and Mach 2-5. Violation of these constraints 
will affect the FCS moding and gains because dynamic pressure is used to perform 
these two functions. Several cases violated the Cng dynamic and lateral trim 
constraint line. This constraint line was generated by using the April 1979 
aerodynamic data, Xc.g. = 66.7 percent, trim flight, 1-inch Yc.g. offset, 
worst-case elliptical aerodynamic variations, two yaw jets used for trim, maxi- 
mum sideslip of 1.5 degrees, and bent airframe effects. Integrated guidance, 
navigation, and control (GNAC) analysis are required to determine the effect of 
violating the navigation-derived dynamic pressure error constraint and the ef- 
fect of violating the Cng dynamic and lateral trim constraint. 

Several metering methods were used to reduce the normal load transients at MSBLS 
acquisition but were slightly unsuccessful. Therefore, the pilot should expect 
these transients. MSBLS variances have been increased and should reduce the mag- 
nitude of these transients. The landing statistics indicate that 5 out of 50 
EOM landings and 5 of 50 AOA landings exceeded the tire specification limit 
speed of 222 knots. The certification tire limit of 218 knots was exceeded 5 
times at EAFB and 7 times at Northrup. Because the landing is expected to be 
performed manually rather than using the autoland guidance for STS-1, the pilot 
landing techniques are expected to increase the landing point dispersion to re- 
duce the landing speed to within landing gear and tire limits. 


2 
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2.0 INTRODUCTION 

This appendix presents the results of three nonlinear Monte Carlo analyses for 
an STS-1 Orbiter Descent Operational Flight Profile Cycle 3. The flight environ- 
ment is compared with systems and operational constraints on the flight environ- 
ment, and in some cases, simplified systems models are used as an aid in 
assessing the STS-1 descent flight profile. In addition, descent flight enve- 
lopes are provided as a data base for use by system specialists in determining 
the flight readiness for STS-1 . 

The 3-DOF and the 6 -DOF Monte Carlo options of the LAND program were used to gener- 
ate the 150 random trajectories that were analyzed. The end-of-mi3sion (EOM) 
simulations are initialized prior to deorbit, and the doerbit thrust termination 
has been modified to include the effects of thrust tail-off dispersions. The 
initial covariance matrix reflects navigation errors in position and velocity 
due to uncertainties in GSTDN groundstation hardware and location coordinates, 
atmospheric drag and Earth gravity modeling, and vent and attitude control 
thrusting (ref. 5). No initial state dispersions were considered. Thus, the ac- 
tual position and velocity are always on the nominal orbit. Dispersions of the 
same order of magnitude as the navigation errors are not expected to 
significantly change these results. Deorbit maneuvers from orbit3 that are 
significantly dispersed from the nominal would affect the dispersions at El. The 
AOA simulations are initialized at 4 minutes prior to El, which is at MOO 000 
feet altitude. The initial covariance matrix (refs. 2 and 3) is a 20 by 20 
matrix and includes navigation errors and dispersions in position and velocity, 
accelerometer bias, and inertial platform misalinements. 

The results of the A&L analysis given in this document were generated using the 
6-DOF Monte Carlo option in the LAND program that was initialized at an altitude 
of 9950 feet. 

April atmospheres (ref. 6), which are the best atmospheres to use for a March 30 
launch, were considered. The baselined Tacan selection logic, which selects 1 
out of 10 Tacan geometry, was used in this 3tudy. A mobil Tacan station was 
included and was located approximately 15 miles from the runway and as close as 
possible to the nominal grour.dtrack . Also, data from the air data system were 
used below an Earth-relative velocity of 2500 fps. Baro-altitude wa3 not 
processed by the navigation between velocities of 1600 and 900 fp3. Runway 
redesignations or ground state vector updates were not included in this analysis. 

Statistical summaries for selected parameters ir.u scatter trace3 for selected pa- 
rameters are presented in this append w.. The scatter traces include the ex- 
pected threc-sigma dispersions for the parameters that are normally distributed. 


3.0 ACRONYMS 


A&L 

approach and landing 

ADS 

air data system 

AOA 

abort once around 
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BETA 

Cd 

c.g. 

c L 

Cm 

Cnfl 

CR 

DOF 

EAFB 

EOM 

El 

G.'MMA 

GN4C 

GSTDN 

H 

HAC 

HDOT 

HRSI 

IMU 

*sp 

LRU 

L/D 
MSBLS 
ME CO 
MEP 
OMS 


sideslip angle 

drag coefficient 

center of gravity 

lift coefficient 

pitching moment coefficient 

change of yawing moment coefficient due to beta 

change request 

degrees of freedom 

Edwards Air Force Base 

end of mission 

entry interface (400 000 feet altitude) 
flightpath angle 

guidance, navigation, and control 
ground spaceflight tracking data network 
altitude 

heading alinement cylinder 
altitude rate 

high-temperature reusable surface insulation 

inertial measurement unit 

specific impulse 

line replacement unit 

lift to drag 

microwave scanning beam landing system 
main engine cut-off 
minimum entry point 
orbital maneuvering system 


4 
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psf 

pounds per square foot 

RCC 

reinforced carbon carbon 

RCS 

reaction control system 

RF 

radio frequency 

RM 

redundancy management 

STS 

Space Transportation System 

Tacan 

tactical air navigation system 

TPS 

thermal protection system 



4.0 SUCCESS CRITERIA 

The following criteria are used in determining successful results: 

a. The TPS surface and structure temperature limits; defined in table I 
(ref. 8) 

b. Control surface hinge moment constraints; defined in table II (ref. 9) 

c. Normal load factor less than 2 g's 

d. Dynamic pressure less than the 300 psf for Mach numbers greater than 5 and 
less than 3**2 psf for Mach numbers less than 5. Dynamic pressure less than 
300 psf in the transonic region to conform to compartment venting 
constraints 

e. Maximum descent rate of 400 fps in the transonic region to conform to com- 
partment venting constraints 

f. Bitry/TAEM interface range within 5 miles of the nominal range-energy 
profile 

g. No trajectory transients at entry/TAEM interface 

h. No MEP's 

i . No S-turns 

j. TAEM/autoland interface box; satisfied before an altitude of 5000 feet; 
defined in table III (ref. 10) 

k. Pitch attitude with respect to the horizontal less than 15.0° at landing 
(ref. 11) 



St-- 
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l. Descent rates at landing less than 9.5 fps (ref. 11) 

m. Landing speeds less than the tire limit speed of 222 knots (ref. 12) 

n. Lateral position within 60 feet of the runway centerline (ref. 12) 

o. Lateral velocity less than 50 fps (ref. 12) 

This appe idix first defines a set of criteria that is used to determine the 
acceptability of the flight profile. Model changes that have occurred since the 
dispersion analysis documented in reference 4 are listed, and then the flight 
profile major events are outlined from deorbit targeting to landing. A discus- 
sion of the atmosphere dispersions, navigation performance, TPS performance, con- 
trol surface hinge moments, guidance performance, and landing performance fol- 
lows in that order. The results, in the form of scatter traces, are then com- 
pared to system and operational constraints. These flight envelopes and results 
from simplified system models can be used by system specialists to determine 
areas that need more detailed analysis prior to STS-1 flight readiness review. 


5.0 MODEL CHANGES 

Because the dispersion analysis results have already been documented in refer- 
ence 3, this section will present only model changes. Thrust tail-off disper- 
sions (0.2 fps) have been added to the deorbit burn termination. Also, disper- 
sions in Xc.g., Yc.g. (6-DOF only), and Zo.g. of 1 inch, 0.5 inch and 0.5 
inch, respectively, have been included. The distribution for the thrust tail- 
off dispersions and the c.g. dispersion is assumed to be uniformly distributed. 

The aerodynamic data were updated to the April 1979 aerodynamic data (ref. 13) 
and asymmetric airframe effects have been included in the dispersion model for 
the 6-D0F simulations. Normal load factor effects on the elevon hinge moments 
have been added to the simulation. For the guidance simulations, the entry guid- 
ance azimuth error dead band of +12.5 degrees in magnitude (until the first roll 
reversal is terminated) has been changed to 10.5 degrees. After this, the dead 
band is expanded to +17.5 degrees. This increases the ranging capability for 
very low lift-to-drag (L/D) cases. The TAEM guidance was modified to include 
a left turn onto the final approach, anu a TAEM/autoland transition lockout 
was added. The autoland guidance was modified such that the A&L profile approxi- 
mates a manually flown flightpath as specified in the STS-1 groundrules 
and constraints document (ref. 14). Also, the outer glideslope was changed 
from 22 degrees to 20 degrees. 

For the 6-DOF analysis, the FCS was updated to the model documented in reference 
15, and the supporting data were obtained from reference 16. Other modifications 
included the incorporation of change requests (CR's) 19570A, 19564, 19054, 

19182, 19394C, 19415A, 19442, and 19564. 

The ADS simulation includes April nonstandard atmosphere corrections to pres- 
sure, temperature, and pressure altitude above 12 000 feet mean-sea-level alti- 
tude for Edwards Air Force Base (EAFB). Below 12 000 feet, a baro-set is used, 
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which calibrates the barometric altimeter to sea level based on measured pres- 
sure data at the landing site. 


6.0 MAJOR EVENTS 

For the nominal EOM, a simulation of the ground targeting software generates the 
desired entry targets for the deorbit burn. The deorbit targeting, which is mis- 
sion-dependent, provides the capability to achieve the desired El state vector 
with either 2-OMS, 1-OMS, or an RCS deorbit maneuver. A 2-OMS deorbit burn is 
executed for every simulation in the Monte Carlo process. After the deorbit 
burn, an attitude maneuver is executed to a given inertial attitude. This will 
result in the proper entry attitude at El minus 5 minutes. This attitude places 
the Z-body axis in the orbit plane. Because largest vents are along the Z-body 
axis, the effects of venting and translational delta-V from the RCS thrusters 
(which are required to offset the moments introduced by the vents) will degrade 
the state vector. During this portion of the flight, the navigation system prop- 
agates three state vectors using delta-V from three IMU’s if the sensed delta- 
V is greater than a threshold of 1000 micro g’s. No external measurements are 
processed during this period. For the AOA, the simulations are initialized at 
4 minutes prior to El . 

During the first phase in the entry portion of flight, the entry attitude of 40° 
angle of attack, zero bank, and zero yaw is maintained until a drag acceleration 
level of 4 fps is reached. At this point, entry ranging is activated, and the 
entry guidance (ref. 10) executes the temperature control phase logic, which is 
designed to control the trajectory to a optimal profile based on aerodynamic 
heating considerations and the ranging required to reach the runway. This phase 
is followed by the equilibrium glide, constant drag, and transition phases. 
Control is transferred to the TAEM guidance at an Earth-relative velocity of 
2500 fps. For the shallow AOA, the entry attitude is a 40° angle of attack, a 
90-degree bank angle, and zero yaw. For the steep AOA, the entry attitude is a 
40° angle of attack, a zero degree bank angle, and zero yaw. 

At the entry/TAEM interface, the TAEM guidance (ref. 10) assumes control of the 
Orbiter and guides it to a tangent point on the heading alinement circle during 
the acquisition phase. Control is transferred to the heading alinement phase 
when the Orbiter is within a specified distance from the alinement circle. Ibis 
phase is designed to aline the Orbiter to the runway. When the Orbiter is 
within a specified range of the runway threshold, the prefinal phase is 
initiated to guide the Orbiter to satisfy the autoland transition criteria. 
Nominally, the transition to the AAL phase occurs at an altitude of approxi- 
mately 10 000 feet. During the TAEM phase, the navigation system maintains 
three state vectors until MSBLS acquisition or landing, whichever occurs first. 
After MSBLS acquisition, only the last midselected state vector is updated. 

The autoland guidance goes first into a trajectory capture mode. Then it tracks 
the steep glideslope to an altitude of 2000 feet, at which point a pullup maneu- 
ver is expected to achieve the desired shallow glideslope. A final flare is 
performed just before landing. 
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7.0 DISCUSSION 


This section presents a discussion of the simulation results for the EOM 3teep 
AOA and shallow AOA atmospheric descents. Figures 1 through 12 contain data for 
the EOM descent, figures 13 through 22 contain data for the steep AOA descent, 
and figures 23 through 28 contain data for the shallow AOA descent. 


7.1 ATMOSPHERIC DISPERSIONS 


Figures 1 and 13 present the atmospheric dispersions for the month of April with 
respect to the 1962 Standard Atmosphere (ref. 17) and the wind magnitudes and 
headings for altitudes greater than 800 feet. Figures 2 ana 14 present the 
lower altitude winds for EAFB and Northrup, respectively. The lower altitude 
winds, which include turbulence (ref. 18), are generated by sampling peak wind 
statistics at the surface, which describe the wind magnitude distributions be- 
tween 8:00 and 11:00 a.m. at EAFB or Northrup during April. Wind heading statis- 
tics at the surface are sampled, and a wind-turning function is used to relate 
the 2-kilometer rawinsonde data point to the surface wind heading. Upon landing 
all wind magnitudes are less than 10 knots at Northrup, but two cases (10 knots 
and 11 knots) at EAFB were greater than or equal to the crosswind constraint of 
10 knots. The statistical atmospheres and winds aloft were generated by using 
a nominal STS-1 trajectory tape as input to the 4-D global reference atmosphere 
program (ref. 6). The atmospheres are a function of altitude, longitude, lati- 
tude, and month, and they are consistent with the Space Shuttle Orbiter environ- 
ment specifications (ref. 19). 

Density gradients are shown on the density dispersions plot in figures 1(a) and 
13(a). These gradients cause the actual drag acceleration, which makes it more 
difficult to fly the descent profile. Note that the density deviation from the 
1962 Standard Atmosphere can be as high as 60 percent at an altitude of 330 000 
feet. In the altitude interval between 80 000 feet and 200 000 feet, the mean 
deviation for April is within 5 percent of the 1962 Standard Atmosphere. This 
results in a small mean deviation in the altitude error when the drag altitude 
is incorporated in the navigation data processing. 

Pressure dispersions of the atmosphere (figs. 1(c) and 13(c)) affect the baro- 
altitude measurements. Dispersed static pressures are input to the ADS simula- 
tion. This, in turn, derives a pressure altitude. The ADS uses a curve fit 
based on a 1962 Standard Atmosphere to derive pressure altitude. This pressure 
altitude is corrected based on a nonstandard monthly mean model and a baro-set, 
which calibrates the barometer to measured pressure at the landing site before 
lanaing to minimize the effects of the nonstandard atmospheres. Because only 
seasonal nonstandard corrections are available, this analysis used the April cor- 
rections above an altitude of 12 000 feet mean-sea-level altitude. Below 12 000 
feet, the baro-set was used. 

Note that the wind magnitudes (fig. 1(d)) are not constant like the design wind 
(ref. 11), but instead, exhibit significant wind shoars. At approximately 36 
000 feet (jet stream), wind magnitudes approach the design values. The average 
wind heading (fig. 1(e)) is approximately 90 degrees. The discontinuities in 
the plot of wind heading reflect the crossing of the 180° wind heading rather 
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than wind heauing change. For the AOA case (Figs. 13(d) and 
magnitude and direction were held constant above an altitude 
cause the winds generateu by the atmosphere program (ref. 6) 
crossing the equator. 


13(e)) , the wind 
of 240 000 feet be- 
are not valid when 


7.2 NAVIGATION PERFORMANCE 

The navigation measurement incorporation schedule for the EOM steep AOA and shal- 
low AOA is presented in table IV. First, drag altitude is initially processed 
when the drag acceleration is greater than 11 fps (240 000 feet altitude) and is 
terminated at an altitude of 85 200 feet or when the barometric altitude is valid, 
whichever occurs first. Tacan data are initially processed at an altitude of 
approximately 130 000 feet and are terminated wher. the MSBLS data are valid or 
at landing, whichever occurs first. Delaying the incorporation of the Tacan 
aata until reaching 130 000 feet altitude is considered conservative. The dec- 
ision to incorporate data at 130 000 feet altitude was made as a result of Tacan 
redundancy management (RM) analysis. Thi3 analysis shows that in the two line 
replacement unit (LRU) cases where a dilemma has occurred, ground and crew 
assessment of the data would be required. Solution of the ailemraa may result 
in delaying Tacan data incorporation until an altitude of 130 000 feet is 
reached. Table V presents the Tacan stations used in thi3 analysis. These 
stations were selected along the grour.dtrack to improve the altitude channel 
by using Tacan data. 

Figures 3 , 15 and 2b present the navigation-derived and/or ADS-derivea parameter 
performance. Figure 3(a) shows that in the three-sigma case, the FCS accuracy 
requirements (ref. 20) for dynamic pressure will be violated for Mach numbers of 
less than 6. The divergence in the errors that occurr in the lower Mach number 
region (Mach 2.5 to Mach 7) is primarily caused by winds and C<j variations. 

The formula for deriving dynamic pressures uses Earth-relative velocity, which 
does not contain the effects of wind and is therefore sensitive to wind. Below 
Mach 2.5, when the ADS dynamic pressure is used, the errors in the three-sigma 
case slightly exceed the requirements (ref. 21) during the Mach jump region 
(Mach O.j to Mach 1.6). In this region, dynamic pressure is sensitive to naviga- 
tion error because the navigation altitude is used to derive the free-stream 
static pressure, which in turn is used in deriving dynamic pressure. Dynamic 
pressure is used in moding the FCS and in computing FCS gains. Studies on 
integrated GN&C siruiations are required to determine the effects of the dynamic 
pressure accuracies on the FCS performance. 

Figures 3(b) and 15 (t) present ar.gle-of-attack accuracy. The angle-of-attack 
error (above Mach 2.5) is the difference between the navigation-derived angle of 
attack and the actual angle of attack. Below Mach 2.5, the angle-of-attack 
error is the difference between the ADS angle of attack and the actual angle of 
attack. The biggest contributor to errors in the navigation-derived angle of at- 
tack is wind because the navigation routine derives angle of attack from the nav- 
igation Earth-relative velocity, which does r.ot include the effects of winds. 
Angle-of-attack errors are cleaned up by the ADS below Mach 2.50. Figures 3(c) 
ana 15(c) present the Mach number errors. The baro-altitude performance is 
shown in figures 3(d) and 15(d). These figures show that the ADS altitude accu- 
racy requirements are satisfied everywhere except the Mach jump region. Since 
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the navigation system does not use the baro-altitude in this region, the 
degraded baro-altitude data did not cause any problems. 

The navigation state vector performance is shown in figures 4, 16, and 26. Fig- 
ures 4(g) and 16(g) show the Tacan station locations relative to the ground- 
track. Altitude errors and altitude rate errors are the navigation data minus 
actual data for these two parameters, respectively. All other state vector 
errors are equal to the actual quantity minus navigation quantity. The errors 
are computed in a radial, downrange, crossrange (UVW) coordinate system deter- 
mined by the actual state. Altitude and attitude rate errors are plotted in 
these figures in place of the radial position error and the radial rate error. 

The accuracy requirements (ref. 22) used in these figures are used by open loop 
navigation analysts as an indicator of performance. While the meeting of these 
constraints ensures satisfactory performance, the violation of them does not nec- 
essarily mean unacceptable performance. Integrated guidance and navigation per- 
formance analyses such as this Monte Carlo analysis provide a more direct method 
of assessing the navigation performance. 

Note the small mean altitude error on the altitude error plots an an altitude of 
150 000 feet. This mean bias is introduced into the state vector by the drag al- 
titude measurement and by tne mismatch between the atmosphere model (1962 Stan- 
dard Atmosphere) used in the drag-altitude algorithm and the mean of the atmo- 
sphere used in the environment (April). This error would be larger for some 
other time of the year. The downrange error data illustrate how the drag alti- 
tude measurement bounds the downrange error through the correlation in the 
covariance matrix during the drag altitude updating region. Table VI presents 
a statistical summary of the state vector navigation errors, and table VII pres- 
ents the state vector dispersion. All the samples were taken at a constant alti- 
tude except the entry/TAEM interface and the TAEM/ autoland interface samples. 
These were sampled on the first pass of each particular phase. The errors are 
expressed in a UVW coordinate system defined at each sample, where U is a ra- 
dial, is downrange, and W is crossrange. 


7.3 TPS PERFORMANCE 

The TPS surface temperatures were evaluated at five control points as well as 
the backface temperature on panel 2, using the simplified TPS model presented in 
reference 7. Reference point heat loau and heating rate were also evaluated. 
Tabic I contains the temperature limits that were used as part of the success 
criteria. The TPS material temperature limit for the high-temperature reusable 
surface insulation (HRSI) material is the limit for one-mission capability and 
greater than the one-mission capability for the reinforced carbon carbon (RCC) 
reusable material. Because the TPS surface temperatures are computed by using 
a simplified TPS model that assumes equilibrium radiation, these limiting temper- 
atures have been adjusted to account for inaccuracies in surface temperature pre- 
diction by the simplified model. 

The method for computing the temperature dispersion ha3 been changed. Previous- 
ly, statistics were computed on the maximum temperatures on each control point, 
and the point where the maximum temperatures occurred was variable. This method 
biases the mean to the high 3ide and reduces scatter in the data. A more realis- 
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tic approach is to observe the scatter traces and select the velocity where the 
maximum dispersed temperatures occur on eacn control point. Statistics are then 
computed at these selected velocities. In general, this gives a lower mean and 
a larger scatter in the data. Also, another change made was to treat the body 
flap and elevon temperature dispersions as uniformly distributed. To arrive at 
the maximum dispersion used for the body flap and elevon, a cumulative distribu- 
tion of the data is plotted on probability paper, and an estimate of the maximum 
is made using the plotted data. The assumption of a uniform distribution re- 
sults in a reduction of approximately 100° in the maximum body flap temperature. 
The distribution was checked for all five control points, and control points 1, 
3, and 6 were found to be normally distributed. 

Tables VIII, IX and X summarize the TPS performance as a function of velocity at 
the five control points. For all cases, the wing indicated negative margins 
after three-sigma dispersions and aero heating uncertainties are considered. The 
AOA cases also show negative margins on the forward chine and on backface 
temperatures. The negative margins on the wing leading edge, forward chine, and 
panel 2 can be absorbed by the aerodynamic heating uncertainty. Even though the 
aerodynamic heating uncertainty on the backface temperature on panel 2 is not as 
large as the uncertainties on the surface temperatures, it is still the main 
cause for the negative margin. Detailed analysis of the TPS performance is 
required by systems specialists. Figures 5, 17, and 27 are scatter plots of 
heat rate and heat load. Figures 6, 18, and 28 summarize the TPS performance. 
Also plotted on these figures are the three-sigma wing leading edge and nose and 
forward chine temperature variations caused by trajectory dispersions. These 
three-sigma lines are not included for the body flap and elevon because tney are 
not normally distributed. The lines labeled "includes deflection allowances and 
aerodynamic heating uncertainties" are generated by root-sura squaring the tra- 
ectory dispersions, random deflection allowances, and aeroheating uncertainties 
and by adding to the bias deflection allowances and the mean surface tempera- 
tures. Deflection allowances are made Yc.g. offset, manufacturing tolerances, 
maneuver capability, bending under load, and mechanical sensor position error 
(ref. 23). The effects of pitching moment uncertainty on the elevon and effects 
of body flap dead band (ref. 23) are already included in the trajectory disper- 
sions from the Konte Carlo simulations. The data do not include the effects of 
errors in sideslip angle or any lags that may exist in the PCS. The point 
where transition from laminar flow to turbulent flow occurs is sensitive to the 
transition criteria. Using the simplified TPS model, this occurs (in most 
cases) after the body flap is no longer saturated. Detailed thermal analysis is 
required to verify the control surface temperatures using the flight environment 
and surface deflections defined in the analysis. 


7.4 CONTROL SURFACE DEFLECTIONS AND KINGt MOMENTS 

( Table II contains the elevon, body flap, and spaedbrake hinge moment capability 

(ref. 9). The values in the table were used as part of the success criteria. 
These values are the stall limits and, for the elevon only, a soft limit at a de- 
flection of 4° from the schedule and a required rate of 10 deg/sec. The 4° 
elevon deflection accounts for transient surface deflections required for atti- 
tude maneuvers and deflections required for Yc.g. trim that are not included 
in a 3-D0F simulation. Figures 7, 19 • and 29 present the control surface deflec- 
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tions and hinge moments. Also shown on the elevon hinge moments plots are the 
stall limits and the soft limit presented in table II. Normal load factor ef- 
fects were included in the simulation. The activity in the elevon deflection 
traces at Mach 14 occurs where the switch is made from viscous to nonviscous 
aerodynamics. Speedbrake, elevon, and body flap moments are satisfactory. Fig- 
ure 7(b) indicates that the body flap is being saturated (in the up direction) 
in some cases during TAEM, which will drive the elevon slightly off schedule. 

The body flap is also observed to be pegged up or down at high altitudes because 
of large pitching moment uncertainties. 


7.5 GUIDANCE PERFORMANCE 

Figures 8 through 10, 20 through 22, and 30 through 31 present the guidance per- 
formance parameters. Actual data, instead of navigation data, are plotted un- 
less otherwise stated. These figures are divided into the entry guidance perfor- 
mance parameters (figs. 8, 20, and 30), the TAEM guidance performance parameters 
(figs. 9, 21, and 31), and the autoland guidance performance parameters (figs. 

10 and 22). 


7.5.1 Entry 

For the EOM trajectory, figure 8(a) presents the angle-of-attack envelope 
expected from El to landing. The entry guidance uses the navigated angle of at- 
tack to fly a preprogramed angle-of-attack profile. The dispersions in the ac- 
tual angle of attack are due mainly to angle-of-attack modulation to control 
short-period response to the reference drag profile, IMU misalinements, winds, 
and L/D dispersions. The vertical traces seen around a velocity of 24 000 fps 
represent the angle-of-attack history during the coast after the deorbit burn. 

At 24 000 fps, one of the traces droops below the rest of the traces. This is 
typical of a low L/D case. A couple of cases stand out above the rest around a 
velocity of 23 000 fps. For these cases, the drag acceleration is less than the 
drag reference so that the alpha modulation is delayed until a velocity of 23 
000 fps is reached. At this point, the alpha modulation is initiated resulting 
in a small transient in fc he angle of attack. The effects of bank reversals on 
angle of attack are shown at velocities of 9000 and 18 000 fps. The location of 
the first bank reversal depends on the initial crossrange and can occur at any 
speed. The change in angle of attack that occurs at TAEM interface (velocity s 
2500 fps) is the result of the bank reversal in TAEM required to guide the 
Orbitcr to the heading alinement cylinder (HAC) circle tangent point, altitude 
errors, latitude rate errors, and energy errors from the reference values. When 
the Orbiter rolls over the top during TAEM, the coordinated turn compensation 
logic in the FCS reduces angle of attack in order to maintain 1 g in the verti- 
cal direction. Also, because the TAEM guidance flies to i reference altitude 
and altitude rate, deviations from the reference result in changes in angle of 
attack. 

The bank angle and navigation heading error histories for the EOM (figs. 8(d) 
and 8(e) show that all of the cases are headed toward the HAC circle tangent 
point and do not require a bank reversal at TAEM initiation. The maximum head- 
ing error (navigated heading to the HAC) at TAEM initiation, is approximately 
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♦16°. The minimum reference bank angle (fig. 8(b)) i. t the end of entry is ap- 
proximately 30°. This indicates that entry guidan">i ‘:as delivered the vehicle 
tc TAEM with more than adequate ranging margins tn i. <. cases. Figure 8(f) pres- 
ents the dr-tg reference profiles computed by the enT.% guidance. Entry does not 
fly a preselected drag reference, but instead, reccmpAtes the reference every 
1.92 seconds on each simulated entry based on the .k; sting conditions. The ef- 
fects of the otate vector updates on the dr'.g r*f "‘toe when Tacan measurements 
are incorporated can be seen on these figures at •» velocity of approximately 
6000 fps. Trar..iiiftt'j in the drag reference, at - , s point, are caused by the 
guidance response to the state vector update-., .hese transients are insignifi- 
cant. The drag reference dispersions at TAEM interface also indicate that the 
ranging maneuver margin is adequate. Othe^ .-.n 1 lea tors of maneuver margin at 
TAEM interface are normal load factor, ar >»'.■•, of attack, bank angle, and range 
error. Figure 8(g) presents the actual a ‘ag acceleration histories. Several 
limit lines and 0FT-1 guidelines converted to the drag velocity plane are shown 
on these plots. Figure 8(h) presents the normal load factors expected for STS- 
1 and shows that the margins during the entry phase are adequate. Figures 8(1) 
through 8(u) present the dispersions ir. several aerodynamic parameters that will 
be useful for postflight analysis. 

For the AOA trajectories, the discussion of most of the figures is similar to 
the discussion of the corresponding figures for the EOM and will not be re- 
peated. Because the AOA trajectory to Northrup required less crossrange maneu- 
verability than an AOA to Edwards, the trajectory performance is very similar to 
the EOM. 


7.5.2 TAEM 

The discussion of the figures during the TAEM phase is very similar for the EOM 
and AOA; therefore both sets of figures will be discussed simultaneously. 

Figures 9, 21, and 31 present the TAEM guidance performance parameters. Actual 
energy as a function of predicted nevi-’ated range during the TAEM phase are 
illustrated in figures 9(a), 21(a), and 31(a). The S-tum boundary, minimum 
entry point boundary, and the entry /TAEM accuracy requirements are also inclu- 
ded. The results on figures 9(a), 21(b), and 3Kb) show that there are no MEP's 
am. no S-turns and that the entry guidance delivered the Orbitcr well within the 
entry TAEM accuracy requirements. Figures 9(b), 21(b), and 3Kb) present actual 
altitude as a function of predicted navigated range-to-go to the runway thresh- 
old. Note how the dispersions are reduced at an altitude of 18 500 feet when 
the KSblS is acquired. Figures 9(c), 21(c), and 3Kc) present the dynamic pres- 
sure dispersions. 

Also plotted in this figure are the structural design limit line, the flight con- 
trol design constraint line, and the sonic boom 2-psf over-pressure guideline. 
Most cases cut across the sonic boom 2-{.'f over-pressure line. The sonic boom 
boundary is a function of angle of attack and dynamic pressure. Analysis with 
similar dynamic pressure dispersions has shown maximum over-pressure of approxi- 
mately 2.2 psf for the nominal entry. Figures 9(d), 21(d), and 3Ud) present 
the a igle-of-attack dispersions. Several limit lines are also plotted on these 
figures. These are the FCS design limits rolloff, nose slice, buffet onset 
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line, CnB dynamic and lateral trim constraint line, and the venting constraint 
line. Several cases violated the CnB dynamic and lateral trim constraint line 
in the angle-o f-attack-velocity plane. This constraint line was generated with 
the April 1979 aerodynamic data, Xc.g. = 66.7 percent, trim flight, 1-inch 
Yc.g. offset, worst-case elliptical variations, two yaw jets used for trim, max- 
ltuum sideslip of 1.5°, and bent airframe effects. This line is based upon the 
assumption of equilibrium flight. Since equilibrium flight 13 not maintained, 
these boundaries are more accurately defined as a function of dynamic pressure 
so the dispersion data were compared to the constraints in the angle of attack 
and dynamic pressure plane (figs. 9(e) through 5(k), figs. 21(e) through 21(k), 
and figs. 31(e) through 31 (k)) at several Mach numbers. These data indicate 
that all the dispersed cases remained inside the constraints during TAEM. Viola- 
tions of the Cno dynamic and lateral trim line (figs. 9(d), 21(d), and 31(d)), 
ami 'he rolloff, nose slice, and buffet onset line require more detailed anal- 
ysis by system specialists. 

Figures 9(1), 21(1), and 31 (1) present the bank-angle histories. The bank-angle 
history data define the effects of the navigation state vector updates on the 
bank angle when the Tacun is acquired. This occurs at a velocity of approxi- 
mately 6000 fps. Some activity is seen around this region b„. none of any sig- 
nificance. The point at which the heading alinement phase begins is clearly 
seen on these figures at a velocity of approximately 800 fps. Figures 9(m), 
21(m), and 3Km) present pitch angle as a function of velocity. These figures 
show that there were no tailscrapes and that adequate ~argins exist. Figures 
9(n), 21(n), and 31(n) present normal load factors as a function of velocity. 
Normal load factors, as seen in these figures, are approximately 2.00 g's 
three-sigma during the heading alinement phase, primarily because of a tailwind. 
These require large bank angles to stay on the circle and in turn, cause large 
normal load factors. Also, when MSBLS cleans up the state vector, the guidance 
drives the Orbiter back to the reference profile, and some of these maneuvers 
lead to large normal load factors. Figures 9(o), 21(o), and 31(o) present the 
altitude rate dispersions. These figures show that none of the cases violated 
the venting constraint line. 


7.5.3 Auto land 

Fifty randomly selected E0M trajectories and 50 A0A trajectories, initialized at 
an altitude of 9950 feet, were analyzed using the 6-DOF option of the LAND pro- 
gram. The 6-D0F simulation included all of the error models used in the 3-DOF 
simulations. In addition, the 6-DOF simulation included the FCS documented in 
reference 15 and the turbulence model documented in reference 18. 

Figures 10 and 22 present the auto land guidance performance parameters. The sam- 
pling technique for the initial state errors does not include wind effects so 
that the dynamio pressure may exceed the autoland capture criteria. As a re- 
sult, initial performance is conservative. The results are representative 
shortly after the initialization point. Figures 10(a), 22(a), 10(b), and 22(b) 
(groundtrack and altitude range) indicate that all simulations were satisfacto- 
rily delivered to the vicinity of the runway threshold. Figures 10(c) and 22(c) 
show that all of the cases landed on the runway. The 0.5° elevation line in the 
figure represents the elevation angle below which no elevation data will be 
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available from the MSBLS. Figures 10(d) and 22(d) indicate the transition point 
to the final flare maneuver. The radial rate error, navigation minus actual, is 
shown in figures 10(e) and 22(e). The bias that builds up below an altitude of 
225 feet is the result of using the MSBLS elevation data between 1.3° and 0.5° 
elevation angle. In this region, the model used (which is considered realistic) 
exhibits a mean bias in the elevation measurement. Figures 10(f) and 22(f) pres- 
ent dynamic pressure versus navigated range. Navigated range was selected as 
the independent parameter because the actual range was unavailable. Because the 
MSBLS measurements are very accurate, the navigated range is a good approxi- 
mation of the actual range. Also plotted in figures 10(f) and 22(f) are the 
flight control system design limit line and certification criteria line. The dy- 
namic pressure dispersions in these figures are acceptable. Figures 10(g) and 
22(g) present the angle-of-attack dispersions and show adequate margins with re- 
spect to the flight control system design limit. Sideslip angle, bank angle, 
and pitch angle presented in figures 10(h), 22(h), 10(i), 22(1), 10(j), 22(j), 
respectively. Figures 10 (j) and 22(j) indicate that there are not tailscrape 
cases. Normal load factors (figs. 10(k) and 22(k)) are less than the STS-1 
guideline of 2 g's. Figures 10(e) and 22(e) present the altitude rate and fig- 
ures 10(m) , 10(n) , 10(o) , 22(m) , 22(n), and 22(o) present the body rates. 

The elevator deflection (figs. 10(p) and 22(p).) exhibits an increase when the 
body flap is retracted (figs. 10 (r) and 22(r)) to the trial position at autoland 
guidance initiation. A decrease in the elevator setting occurs when the 
speedbrake is retracted (figs. 10(s) and 22(s)) prior to the preflare maneuver. 
This decrease, in four cases (fig. 10(p)), was delayed until a range of approxi- 
mately 9000 feet because the speedbrake for these cases was not retracted until 
an altitude of 1000 feet (fig. 10(s)). Figures 10(q) and 22(q) present the 
aileron histories, and figures 10(t) and 22(t) present the rudder deflections. 

The maximum allowable surface rates in the LAND program are functions of the 
hinge moments. The control surface rates are presented in figures 10(u) through 
10(y) and figures 22(u) through 22(y). Hinge moments are presented in figures 
10(z) through 10(ff) and figures 22(z) through 22(ff). The elevon hinge moments 
are conservative because the total variation in the hinge moment coefficient is 
assumed to be the same for the inboard and outboard elevons. The data book 
specifies that the variation must be divided by the square root of two. Stall 
limits and soft limits based on a required rate (ref. 9) are also plotted on the 
hinge moment traces. All of the hinge moments are acceptable. 

Table XI presents the landing statistics. The statistics are given in terms of 
the mean, maximum value, and minimum value (instead of means and sigmas) because 
the distribution of some of the listed parameters cannot be reasonably approxi- 
mated by a normal distribution (figs. 11 and 23). Figures 12 and 24 present the 
cumulative distribution of the surface winds for EAFB and Northrup, respec- 
tively. These winds are valid for Runway 23 at EAFB or Runway 17 at Northrup 
for the month of April between 9 and 11 a.m. local time. For EAFB, 2 out of 50 
cases had crosswinds at landing, which were greater than or equal to 10 knots. 

The landing statistics indicate that 5 out of 50 E0M landings and 5 out of 50 
AOA landings exceeded the tire specification limit speed of 222 knots. Because 
the landing is expected to be manual, rather than using the autoland guidance 
for STS-1 , the pilot landing techniques are expected to increase the landing 
point dispersion to reduce the landing speed within landing gear constraints and 
improve energy margin. 
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8.0 CONCLUSIONS 

For the EOM, the surface temperatures are acceptable. Structure temperatures 
are also acceptable because of the preentry thermal conditioning. For the steep 
AOA, the surface temperatures are acceptable, but the structure temperatures are 
marginal because there is no preentry thermal conditioning. For the shallow 
AOA, the surface temperatures are high, and the structures temperatures are mar- 
ginal. These results are based on the simplified TPS model (ref. 7) included in 
the simulation. Detailed analysis of the envelope of flight conditions and con- 
trol surface deflections should be made as a part of certifying the first flight 
readiness. Speedbrake, elevon, and body flap hinge moments are acceptable. 

Range dispersions at entry/TAEM interface are within the accuracy requirement of 
5 miles. All the landing simulations transitioned to autoland before reaching 
an altitude of 7000 feet. Also, there are no MEP's, S- turns, or tailscrapes. 
Navigation-derived pressure accuracies exceed the flight control system con- 
straints below Mach numbers of less than 8, and several cases violated the CnB 
dynamic and lateral trim constraint line assuming equilibrium flight. Normal 
load factor transients occur at MSBLS acquisition and at TAEM/autoland 
interface. Out of 50 EOM landings and 50 AOA landings, 5 each exceeded the tire 
specification limit speed of 222 knots. The tire certification limit speed of 
218 knots was exceeded five times at EAFB and seven times at Northrup. 

Crosswind magnitudes at landing were all less than 10 knots at Northrup, but two 
cases (10 knots and 11 knots) at EAFB were greater than or equal to the 
crosswind constraint of 10 knots. 

Violation of navigated-derived dynamic pressure between Mach 8 and 2.5 will af- 
fect the FCS moding and gains to some degree because dynamic pressure is used to 
perform the moding and gain scaling. Assuming equilibrium flight, several cases 
violated the Cng dynamic and lateral trim constraint line. This constraint 
line was generated with April 1979 aerodynamic data, Xc.g. = 66.7 percent, trim 
flight, 1-inch Yc.g. offset, worst case elliptical variations, two yaw jets 
used for trim, maximum sideslip of 1.5 degrees, and bent airframe effects. 
Integrated GNAC analysis is required to determine the effect of violating the 
navigation-derived dynamic pressure error constraint and the effect of violating 
the CnB dynamic and lateral trim and the rolloff, nose slice, and buffet onset 
constraint. The ADS altitude accuracy requirement line is violated during the 
Mach jump region. These violations did not cause any problems because the navi- 
gation system does not use the baro-altitude during the Mach jump region. Sev- 
eral metering methods were used to reduce the normal load transients at MSBLS ac- 
quisition but were unsuccessful. Therefore, the pilot should expect these 
transients. The landing statistics indicate that 5 out of 50 EOM landings and 
5 out of 50 AOA landings exceeded the tire specification limit speed of 222 
knots. Because the landing is expected to be manual rather than using the 
autoland guidance for STS-1 , the pilot landing techniques are expected to in- 
crease the landing point dispersion to reduce the landing speed within landing 
gear constraints. 
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TABLE I.- SIMPLIFIED TPS MODE . SURFACE AND STRUCTURE 
TEMPERATURE LIMITS 
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Control 

point 

« 

Location/material 

Temperature , 
limit °F 

1 

Nose, RCC 

2950 

2 

Body flap, HRSI 

2600 

3 

Wing-leading edgn, RCC 

2950 

4 

Elevon, HRSI 

2600 

6 

Fwd chine, HRSI 

2700 


Backface temperature panel 2 

350 
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TABLE II.- CONTROL SURFACE ACTUATOR HINGE MOMENT CONSTRAINTS 
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TABLE III.- AUTOLAND CAPTURE ZONE 

4 

X 


Altitude, 

ft 

Altitude 3 
error, ft 

Crossrange 
error , ft 

Flightpath 
angle error, 
deg 

Dynamic 
pressure 
error, psf 

>10 000 

1000 

1000 

4 

24 

10 000 

1000 

1000 

4 

24 

b 5 000 

50 

100 

.5 

24 


a All errors are with respect to ♦’he reference values. 

b Limw ramp as a function of altitude between 10 000 and 5000 feet. 
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TABLE IV.- MEASUREMENT INCORPORATION SCHEDULE 


Measurement Nominal measurement 3 


Incorporation altitude, ft 



EOM 

Steep AOA 

Shallow AOA 

Drag altitude 

240 000 


240 000 

First Tacan station 
acquisition^ 

157 200 

San Luis Obispo 
(SBP) 

155 900 
Douglas (DUG) 

155 600 
Douglas (DUG) 

Second Tacan station 
acquisition 

114 900 
Avenal (AVE) 

111 300 

Columbus (CUS) 

113 ooo 

Columbus (CUS) 

Third Tacan station 
acquisition 

110 100 
Fellows (FLW) 

103 300 
Deming (DMG) 

101 800 
Deming (DMG) 

Fourth Tacan station 
acquisition 

105 300 
Bakersfield 
(BFL) 

79 200 

Holloman (HMN) 

78 800 

Holloman (HMN) 

Fifth Tacan station 
acquisition 

95 900 

Gorman (GMN) 



Sixth Tacan station 
acquisition 

82 300 

Mobile (MBL) 



Barometric altimeter 

82 900 

80 500 

81 270 

MSBLS 

18 500 

18 500 

18 500 

Radar altimeter 0 

100 

100 

100 


a Altitude with respect to runway. 

^Data are not incorporated until an altitude of 1 30 000 feet. 
c Radar altimeter data sent directly to the auto land guidance. 
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TABLE V.- TACAN STATION LOCATIONS STS-1 


Location 

Channel 

ID 

Latitude 

Longitude 

Altitude 


End of mission 


l 


San Luis Obispo 

71 

SBP 

35 . 252200N 

120.759535W 

1262 

Paso Robles 

90 

PRB 

35.672467N 

120.627037W 

618 

Gaviota 

112 

GVO 

34.531392N 

120. 09090 1W 

2418 

Avenal 

118 

AVE 

35.646917N 

1 19-97841 1W 

506 

Fellows 

122 

FLW 

35.093044N 

119.865624W 

3695 

Bakersfield 

101 

BFL 

35.484615N 

119.097326W 

359 

Gorman 

108 

GMN 

34.804171N 

118.861431W 

4714 

Mobile 3 

11 

MBL 

34.938140N 

106.403893W 

2364 

Mobile 3 

69 

PMD 

32.940857N 

106.403893W 

3771 

Edwards 

111 

EDW 

34.982385N 

117.73254W 

2127 


Ab^rt once around 


Tuscon 

118 

TUS 

32.122633N 

110.820659W 

2687 

Cochise 

105 

CIE 

32.033475N 

109.758132W 

4077 

Douglas 

25 

DUG 

31.472660N 

109. 6020 13W 

399b 

Edwards 

111 

EDW 

34.982385N 

117.732540W 

2127 

Silver City 

55 

SVC 

32.637631N 

108.161 152W 

5260 

Columbus 

49 

CUS 

31.819047N 

107.574465W 

3852 

Deming 

23 

DMN 

32.275977N 

107.605580W 

4159 

Truch 

74 

TCS 

33.282338N 

107.280578W 

4764 


a U.S. Air Force mobile Tacan station. 







TABLE V.- 

Concluded 
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Location 

Channel 

ID 

Latitude 

Longitude 

Altitude 

Holloman 

85 

HMN 

32.862078N 

106.108879W 

3936 

Mobile 

69 

MBL 

32.9W857N 

106.403893W 

3771 
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TABLE VII. - STATE DEVIATIONS (ACTUAL REFERENCE) (THREE-SIGMA) 


Parameter, 

unit 

Entry 
Interface 
(H * 400 000 

ft) 

Entry/TAEM 
interface 
(V a 2500 fps) 

TAEM/autoland 
interface 
(H * 10 000 ft) 



End 

of mission 


U, ft 

1 327 


6 276 

2 588 

V, ft 

313 815 


10 707 

7 158 

W, ft 

3 482 


26 973 

176 

UDOT, fpa 

358 


118 

38 

VDOT, fps 

6 


54 

103 

WDOT, fps 

17 


676 

18 

H, ft 

977 


6 315 

2 596 

HDOT, fps 

5 


118 

38 

GAMk, deg 

.012 


2.7 

.49 

Shallow abort once around 

U, ft 

53 222 


5 428 

737 

V, ft 

2 622 284 


10 682 

2 061 

w, ft 

35 896 


16 675 

184 

UDOT, fps 

3 048 


141 

30 

VDOT, fps 

65 


72 

79 

UDOT, fps 

169 


586 

18 

H, ft 

358 


5 408 

743 

HDOT, fps 

39 


141 

30 

GAMMA, deg 

.09 


3.28 

.62 
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TABLE VII.- Concluded 



Entry 

Entry/TAEM 

TAEM, 'autoland 

Parameter, 

Interface 

Interface 

interface 

unit 

(H s 400 000 ft) 

(V * 2500 fps) 

(H * 10 000 ft) 


Steep abort once around 


U, ft 

11 959 

5 292 

397 

V, ft 

1 073 191 

10 967 

1 106 

W, ft 

28 799 

21 750 

155 

UDOT, fps 

1 250 

126 

30 

VDOT, fps 

25 

63 

79 

MOOT, fps 

48 

561 

16 

H, ft 

1 005 

5 266 

400 

HOOT, fps 

13 

126 

30 

GAMMA, deg 

.031 

3.0 

.6 
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TABLE VIII.- Continued 
(Maximum TPS Temperature, °F) 



30 


Fwd chine 2487 2487 



'4 






TABLE IX.- IBS PERFORMANCE - STEEP AOA 
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Fvfd chine 2497 2494 


TABLE IX.- Continued 





TABLL. IX.- Concluded 
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TABLE X.- Concluded 
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TABLE XI.- LANDING STATISTICS 


Parameter 


Nominal Mean Maximum Minimum 


End of mission 


Altitude rate, fp3 

2.25 

3.03 

8.56 

0.43 

Pitch angle, deg 

8.95 

9.72 

13.13 

7.55 

Groundspeed, kn 

194 

188 

235 

153 

Equivalent airspeed, kn 

188 

184 

217 

152 

True airspeed, kn 

194 

191 

226 

158 

Range from threshold, ft 

2682 

1800 

4319 

9.2 

Lateral position, ft 

0 

0 

5 

-23 

Lateral rate, fps 

0 

0 

2.0 

-1 .0 

Energy reserve, sec 

4.46 

— 

7.04 

-.43 


Abort once around 


Altitude rate, fps 

2. 18 

2.54 

6.78 

0.63 

Pitch angle, deg 

8.90 

9.31 

11.14 

7.75 

Groundspeed, kn 

204 

198 

236 

170 

Equivalent airspeed, kn 

191 

188 

214 

168 

True airspeed, kn 

204 

201 

228 

179 

Range from threshold, ft 

2940 

2307 

4481 

462 

Lateral position, ft 

0 

0 

13. 

-16 

Lateral rate, fps 

0 

0 

2.9 

-1 .7 

Energy reserve, sec 

4.62 

— 

6.42 

1.61 
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(b) Temperature. 
Figure 1.- Continued. 
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Figure 1.- Continued. 




400 x 10 



Figure 1.- Continued. 









Wind heading angle, deg 
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(a) Head or tail wind components. 

Figure 2.- Surface winds in runway coordinates - end of mission. 
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(b) Crosswind components. 
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(a) Percent dynamic pressure error. 

Figure 3.- Nav derived and/or air data derived parameter performance - end of mission. 
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Figure 3.- Continued. 
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Figure 4.- Navigated stat.. vector performance - end of Mission. 



Oownrange error - actual state - navigated state 
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Figure 4.- Continued. 



Figure 4.- Continued. 















Gorman | Downrange rate error ■ actual state - navigation state 
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Figure 4.- Continued. 











Crossrange rate error = actual state - navigated state 



(f) Crossrange rate error. 
Figure 4.- Continued. 





Flgur# 5.- Hut rate • hut load scattar plot - and of mission. 
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Earth relative velocity, fps 
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Figure 6.* Continued. 


Simplified TPS model surface temperature limits 
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(c) Speedbrake deflection. 
Figure 7.- Continued. 
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riqure 7.- Continued. 










Earth relative velocity, fps 


Stall hinge moment limit 








(a) Angle of attack. 

Figure 8.- Entry guidance performance parameters - end of nlsslon. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 



Earth relative velocity, fps 



First TACAN 
neasurement 
Incorporation 



(f) Das 1 red drag acceleration. 



Figure 8.- Continued. 
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Figure 8.- Continued. 





Earth relative velocity, fps 
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Figure 8.- Continued. 







Earth relative velocity, fps 
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(m) Normal force coefficient. 
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Earth relative velocity, FPS 
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hinge moment coefficient. 
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(r) Body flap hinge moment coefficient. 
Figure 8.- Continued. 
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Entry/TAEM accuracy requirement 
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Figure 9.- TAEM guidance performance - end of mission. 
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(e) Dynamic pressure - angle of attack scatter plot - Mach 

Figure 9.- Continued. 





(f) Dynamic pressure - angle of attack - Mach = 4.0 
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(h) Dynamic pressure - angle of attack - Mach 
Figure 9.- Continued. 
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c pressure - angle of attack scatter plot - Mach 
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(a) Pitch angle. 
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(o) Altitude 









(a) Groundtrack. 

Figure 10.- Autoland guidance performance parameters 









(b) Navigation base altitude (10 000 feet to landing). 
Figure 10.- Continued. 
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(c) Main gear altitude (350 feet to landing). 
Figure 10.- Continued. 
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(d) Final flare altitude and altitude rate. 
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Figure 10.- Continued. 
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(f) Dynamic pressure versus range. 















Figure 10.- Continued. 
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Figure 10.- Continued. 










Figure 10.- Continued. 




os- 



(1) Altitude rate. 
Figure 10.- Continued. 
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Figure 10.- Continued. 











Figure 10 .- Continued. 




Figure 10.- Continued. 
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(p) Elevator deflections. 
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Figure 10.- Continued. 









Figure 10.- Continued. 









132 


(t) Rudder deflections. 

Figure 10.- Continued. 
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Figure 10.- Continued. 
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Figure 10.- Continued. 
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Figure 10.- Continued 
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gure 10.- Continue 









q L~u l ‘s;u9uioui a6um uoabis pjeoi 



140 


o 



V0W 









Figure 10.- Continued. 
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Figure 10.- Concluded. 
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(a) Altitude rata. 

Figure 11.- Landing statistics. 
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(b) Earth ralatlva velocity. 
Figure 11.- Continued. 
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'c) True airspeed. 


Fimre 11.- Continued. 
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(d) Equivalent airspeed. 
Figure 11.. Continued. 
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(•) Oownrsngo position. 
Figure 11. • Continued. 
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(f) Pitch Angle. 


Figure 11. - Continued. 
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(h) Croisrtnge velocity. 
Figure 11.- Concluded. 


152 




153 


Figure 12.- EAFB surface wind statistics. 
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Figure 13.- Atmospheric dispersions - April - abort once around. 
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Figure 13.- Continued. 







(a) Head or tall wind magnitudes. 
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Figure 14.- Concluded. 




(a) Percent dynamic pressure error. 
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Figure 15.- Continued. 
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(c) Percent mach number error. 









* ' I* 


Figure 15.- Concluded. 
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(a) Altitude error. 

Figure 16.- Navigated state vector performance - steep abort once around. 
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Figure 16.- Continued. 
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Figure 16.- Continued. 
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Figure 16.- Continued. 
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Figure 16.- Continued. 
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(a) TACAN station locations and groundtrack. 









173 


(a) Heat rate. 

Figure 18.- TPS performance - steep abort once around. 
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Figure 18.- Continued. 
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Figure 18.- Concluded. 














Figure 19.- Control surface Reflections and hinge moments - steep akort i.rre jrv. 
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Figure 19.- Continued. 
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Outboard elevon hinge moment. 
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Earth relative velocity, fps 
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(g) Speedbrake hinge moment. 


Entry TAEM interface 



Figure 20.- Entry guidance performance parameters - steep abort once around. 
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(c) Bank command. 








Figure 20.- Continued 
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(e) Navigated heading error. 
Figure 20.- Continued. 
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(f) Desired drag acceleration 
Figure 20.- Continued. 
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Figure 20.- Continued. 



figure 20.- Continued. 








o 



9‘»0O*i 0*01 1VHO0I 


194 


(i) Normal load factor 
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Figure 20.- Continued. 
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Figure 20.- Continued. 




Figure 20.- Continued. 
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(m) Normal force coefficient. 
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(n) Axial force coefficient. 
Figure 20.- Continued. 
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Figure 20.- Continued. 






Figure 20.- Continued. 
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Figure 20.- Continued. 
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Figure 20.- Continued. 
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Figure 20.- Continued. 
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Figure 21.- Conti nueo. 




(c) Dynamic pressure. 
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(e) Dynamic pressure - angle of attack scatter plot - Mach 

Figure 21.- Continued. 







(f) Dynamic pressure - angle of attack scatter plot 
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Figure 21.- Continued. 
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(i) Dynamic pressure - angle of attack scatter plot - Mach 


















(j) Dynamic pressure - angle of attack scatter plot - Mach 

















Figure 21.- Continued. 
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(o) Altitude rate. 
Figure 21.- Concluded. 
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(b) Navigation base altitude (10 000 feet to landing). 
Figure 22.- Continued. 












(e) Altitude rate errors. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 



II. 



230 


Figure 22.- Continued. 
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(k) Normal load factor. 



Figure 2:2.- Continued. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 




(p) Elevator deflection. 



gu re 22, ~ Continue' 
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(s) Speedbrake deflection. 



241 


(t) Rudder deflection. 









Figure 22.- Continued. 
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10 degrees per second rate - soft limi' 



vcc) Left outboard elevon hinge moments. 
Figure 22.- Continued. 




Figure 22.- Continued. 
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(a) Altitude rate. 
Figure 23.- Landing statistics. 


254 



Percentile 


99.99 


99.9 

99.8 


99 

98 

95 

90 

80 

70 

60 

50 

40 

30 

20 

10 

5 

2 

1 

.5 

.2 

.1 


.01 

160 170 180 190 200 210 220 230 240 250 

Earth relative velocity, kn 

(b) Earth relative velocity. 

Figure 23.- Continued. 
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(c) True airspeed. 
Figure 23.* Continued. 
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(d) Equivalent airspeed. 
Figure 23.- Continued. 


257 



Percentile 



Percentile 


! 



259 




Percentile 



-20 -15 -10 -5 0 5 10 15 20 25 

Crossrenge position, ft 


(g) Crossrangt position. 
Figurt 23.- Continued. 
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Figure 25.- Continued. 
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(d) Baro altitude error. 
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Figure 26.- Navigated state vector performance - shallow abort once around. 
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Figure 26 .- Continued. 
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Figure 26.- Continued. 
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(f) Crossrange rate error. 
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( 9 ) TACAN station locations and groundtrack. 
Figure 26.- Concluded. 
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Figure 27.- Heat rate - heat load scatter plot - shallow abort once around 
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Figure 28.- TPS performance - shallow abort once around. 
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(b) Nose surface temperature. 
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(d) Wing surface temperature. 
Figure 28.- Continued. 
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(f) RCC/HRSI Interface (CP5) surface temperature. 
Figure 28.- Concluded. 
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u re 29.- Control surface deflections and hinge noments - shallow abort once around. 
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Figure 29.- Continued. 
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(d) Outboard elevon hinge moment. 
Figure 29.- Continued. 














ORIGINAL PAGE IS 
OF POOR QUALITY 



hinge moment limit 





of attack envelo 



28 P 


Figure 30.- Entry guidance performance parameters - shallow abort once around. 






Figure30.- Continued. 
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Figure 30.- Continued. 
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(e) Navigated heading error. 
Figure 30.- Continued. 
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(g) Drag acceleration. 
Figure 30.- Continued. 
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Earth relative velocity, fps 
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(o) Inboard elevon hinge moment coefficient. 
Figure 30.- Continued. 
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(p) Outboard elevon hinge moment coefficient. 
Figure 30.- Continued. 




(O Speedbrake hinge moment coefficient. 





(r) Body flap hinge moment coefficient. 
Figure 30.- Continued. 
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(t) Y body acceleration. 







Figure 30.- Concluded. 




(a) Energy/weight. 

Figure 31.- TAEM guidance performance parameter - shallow abort once prouno. 
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Figure 31.- Continued. 














(1) Flight control system design limits 

(2) Roll off, nose slice, buffet onset 

(3) Venting 

(4) dynamic and lateral trim boundary 



6ap ±o ai6uy 


(d) Angle of attack. 
Figure 31.- Continued. 
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e) Dynamic pressure - angle of attack scatter plot - Mach 

Figure 31.- Continued. 
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Dynamic pressure - angle of attack scatter plot - Mach 
Figure 31.- Continued. 





(g) Dynamic pressure - angle of attack scatter plot - Mach 3.0 

Figure 31.- Continued. 







(h) Dynamic pressure - angle of attack scatter plot - Mach 











Figure 31.- Continued. 










Figure 31.- Continued. 





b 0. 



Figure 31.- Continued. 
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Figure 31.- Continued. 















